Introduction
with inflammation and the release of inflammatory mediators [4] [5] [6] [7] . Therefore, in the present study, we hypothIn patients undergoing coronary artery bypass grafting esized that ischemic myocardial injury as occurring in (CABG), the use of cardiopulmonary bypass (CPB) in CABG patients operated on with CPB and aortic crosscombination with aortic clamping during coronary artery clamping, may be associated with the release of inflammabypass grafting (CABG) elicits ischemic myocardial injury tory mediators in these patients. [1] . Furthermore, these patients experience systemic inMeasuring markers of myocardial tissue injury and flammation leading to an acute phase response with sepsisinflammatory mediators in patients undergoing CABG with like symptoms during post-operative recovery [2, 3] . Exor without CPB might answer the question as to what perimental models of ischemic myocardial injury and extent the myocardial tissue injury resulting from the CPB observations in patients with myocardial infarction indicate and aortic cross-clamping procedures contributes to the that ischemic myocardial damage is generally associated systemic inflammatory response in these patients. Therefore, we compared the release into plasma of cardiac marker proteins, and of mediators of inflammation in patients undergoing CABG either without CPB, or with normothermic heart. To dampen the movement of the normothermic CPB (including aortic cross-clamping). In beating heart and consequently isolate the region for these patients we measured creatine kinase (CK), creatine anastomosis, a custommade, U-shaped stabilizer was used. kinase-MB (CK-MB), fatty acid-binding protein (FABP) Through its shaft, the stabilizer was attached to a slightly and myoglobin as markers of myocardial tissue loss. In adjusted sternal retractor. Using vessel loops, a segmentary addition, we measured bactericidal permeability increasing occlusion of the coronary artery to a length of 62.5 cm protein (BPI) as an indicator of polymorphonuclear neutrowas used to control bleeding from the coronary artery phil (PMN) activation, interleukin(IL)-6 as an inducer of during the anastomy procedure. Postoperative patient the acute phase response and lipopolysaccharide binding treatment in the coronary care unit was standardized and protein (LBP) as parameter of the acute phase response. similar for all groups. None of the patients received Using these data we were able to examine the relation thrombolytic agents. between global ischemia and reperfusion and the systemic inflammatory response.
Blood sampling
Blood samples in the CPB group were taken upon 2. Methods induction of anesthesia, and at 0. The activities of CK and CK-MB were measured (electro-cardiogram, central venous / pulmonary and arterial spectrophotometrically at 258C in a centrifugal analyzer pressure monitoring, urinary output, rectal and skin tem-(Cobas Bio Systems, Hoffmann La Roche, Basel, Switzerperature monitoring) were used in all patients. Before land) with commercially available test kits. The CK-MB connection of the extracorporeal circuit for cardiopulmonassay is based on immunoinhibition of the predominant M ary bypass, heparin was administered (300 IU / kg, Heparin unit in creatine kinase (Boehringer Mannheim, Germany). Leo, Leo Pharmaceutical Products BV, Weesp, The NetherSerum FABP concentration was measured with a sensitive lands) in order to achieve an activated coagulation time non-competitive enzyme-linked immunosorbent assay of (ACT).480 s (Hemochron 400, International Technidyne the antigen capture type (sandwich ELISA) [9] . Serum Corp., New Jersey, USA). myoglobin was measured with a turbidimetric immunoSpecifications on the extracorporeal circulation circuit, assay (Unimate 3 MYO, Roche Diagnostics Systems, cardiopulmonary bypass procedures and surgical proceBasel, Switzerland) on a Cobas Mira Plus analyzer dures have been described previously [8] . In CPB patients, (Roche). target flow rates of 2.4 to 2.6 l / min per square meter were Plasma levels of BPI, IL-6 and LBP were measured maintained. In case of low mean arterial pressure, using sandwich enzyme-linked immunosorbent assays phenylepinephrine or aramine was administered. During (ELISAs), which have been described elsewhere. In short, the whole CPB procedure (including the period of aortic 96-well plates (Immuno-Maxisorp; Nunc, Roskilde, Dencross-clamping), the arterial blood temperature was kept at mark) were coated overnight at 48C with the appropriate approximately 368C, and attention was given to keep the antibodies and free sites were blocked with 1% bovine right heart empty. In non-CPB patients, after median serum albumin in PBS. Samples and standard dilution sternotomy, coronary grafting was performed on a beating, series were added for 2 h. For measurement of BPI [10] , human BPI-specific monoclonal antibody 4E3 was used for 3. Results coating. Human recombinant BPI (kindly provided by M. Marra, Incyte, Palo Alto, CA) was used for standard 3.1. Clinical characteristics titration curves. Washing and dilution buffers contained 80 mM magnesium chloride to prevent disturbance by
The peri-operative characteristics of both patient groups lipopolysaccharide. Biotinylated polyclonal rabbit antiare shown in Table 1 . Patient characteristics were similar human BPI IgG was used as detection antibody. The in both patient groups, except for the number of grafts detection limit for the BPI-assay was 200 pg / ml. For the anastomized. Duration of surgery was similar in both IL-6 ELISA [11] , plates were coated with the murine patient groups and therefore did not influence the results. monoclonal antibody 5E1. Human rIL-6 (a kind gift from Prof. W. Sebald, Psychiologisch-Chemisches Institut der 3.2. Serum enzymes and cardiac marker proteinsÜ niversitat Wurzburg, Germany) was used for standard titration curves. Biotinylated polyclonal rabbit anti-human
In the CPB group, serum levels of all markers tested IL-6 antiserum was used for detection. IL-6 could be increased rapidly during the early post-operative phase, detected with a lower limit of 10 pg / ml. Polyclonal antiwhile there was virtually no such increase in the non-CPB human LBP IgG was used as coating for the LBP ELISA group (Fig. 1, panels A to D) . The presence of early [12] . Human recombinant LBP (provided by M. Marra, myocardial injury in the CPB group, as opposed to the Incyte) was used for standard titration curves. Washing and non-CPB group, is demonstrated by a very rapid release of dilution buffers contained 40 mM magnesium chloride to FABP and CK-MB. Maximal FABP concentrations were prevent disturbance by lipopolysaccharides. Detection shown already at 0.5 h after reperfusion (12.4 mg / l), occurred with a biotinylated polyclonal rabbit anti-human whereas CK-MB reached highest mean plasma levels at LBP IgG. The detection limit was 500 pg / ml. Biotinylated 1.5 h after reperfusion (7.7 U / l). Of the other two markers, antibodies were detected with peroxidase-conjugated strep-CK was significantly increased between 0.5 and 4 h after tavidin (Zymed, San Francisco, CA, USA). Finally, the start of reperfusion, and myoglobin at 0.5 h after the 3,395,59-tetramethylbenzidine (Kirkegaard and Perry Labstart of reperfusion. For the latter two markers, the perioratories, Gaithersburg, MD, USA) was used as a suboperative release from the myocardium is probably obstrate. Photospectrometry (450 nm) was performed using a scured by subsequent release of these markers from micro-ELISA autoreader. All plasma samples were anaskeletal muscle. This is exemplified by the steady and lyzed in the same run.
relatively large increase of these markers in non-CPB patients.
2.5. Data analysis 3.3. PMN activation and acute phase response All data are presented as mean6standard error of the mean (S.E.M.). A Mann-Whitney U-test was used for Baseline levels of BPI were the same in both groups comparisons between two variables at the same time point. (Fig. 2, panel A) . BPI levels in the CPB group were A Wilcoxon Matched-Pairs Signed-Ranks Test was used elevated at 0.5 and 4 h after reperfusion (P,0.05 at both for comparisons of values from one variable between two timepoints), reaching peak levels of 1.7 times baseline time points. A repeated-measures analysis of variance was levels at 0.5 h after reperfusion (data not shown). In the used to compare changes in time between both patient non-CPB group, BPI levels showed minimal changes 2 groups. A x -test was used to test non-numeric variables. during surgery, but increased thereafter (Fig. 2, panel A) . The level of significance was set at P-values lower than At the first post-operative day, BPI levels were signifi-0.05.
cantly elevated from pre-operative levels (P,0.05). In addition, at the first post-operative day, BPI levels were myocardial tissue injury with the inflammatory response, significantly higher in the non-CPB group (P,0.05).
we first studied correlations of enzyme and cardiac marker The acute phase response in both patient groups was protein levels at 0.5 h after the start of reperfusion, with characterized by a significant increase of LBP preceded by early neutrophil activation (reflected by BPI levels at 0.5 h an increase of IL-6 (Fig. 2, panels B and C) . Baseline after reperfusion). Table 2 shows that no correlations were levels of IL-6 were the same in both groups (Fig. 2, panel observed for any marker of peri-operative myocardial B). In the CPB group, IL-6 levels increased and peaked at tissue damage with early neutrophil activation. 8 h after reperfusion (1.8 times higher than baseline levels) Next, we investigated the correlation of peri-operative (P,0.05). In the non-CPB group, IL-6 levels decreased myocardial tissue damage on the acute phase reactants. For during surgery and then also peaked (2.1 times higher than this, we correlated cardiac marker protein levels at 0.5 h baseline levels) at 8 h after reperfusion. At the first postafter the start of reperfusion with highest mean plasma operative day, IL-6 levels were significantly higher in levels of IL-6 and LBP. As was found for early neutrophil non-CPB patients (Mann-Whitney U-test).
activation, no correlations were observed for markers of Mean pre-operative plasma levels of LBP were 32.164 peri-operative myocardial tissue damage with acute phase mg / ml in the CPB group, and 25.162 mg / ml in the reactants (Table 2) . non-CPB group (Fig. 2, panel C) . LBP levels in both
To further clarify the correlations of markers of perigroups decreased early after the start of reperfusion, and operative tissue damage and inflammatory mediators, Fig.  subsequently were increased at 8 h after reperfusion and on 3 shows scatterplots of CK-MB (as an example) and BPI, the first post-operative day. LBP levels were significantly IL-6, and LBP. These plots show that whereas CK-MB higher in CPB patients at 4 h after reperfusion (P,0.05).
plasma levels early after the start of reperfusion (x-axis) are higher in CPB patients (filled circles) than in non-CPB 3.4. Possible correlations of markers of myocardial patients (open circles), BPI, IL-6, and LBP levels are tissue injury and inflammation within the same rang ( y-axis) in both groups (see also Fig.  1 , panel B, and Fig. 2) , thus ruling out a correlation In order to examine the correlation of peri-operative between myocardial tissue injury and inflammation. 
Discussion
previously ischemic myocardium can result in irreversible tissue injury. Since ischemic myocardial damage is associMyocardial ischemia and reperfusion is a common ated with inflammation [4] [5] [6] [7] , it is tempting to assume that occurrence in CABG patients. Reintroduction of oxygen to such injury is associated, at least to some extent, with the systemic inflammatory response that is generally found in patients undergoing cardiac surgery. However, this hypoth- immediate post-operative rise of cardiac marker protein Fig. 3 . Correlations between markers of peri-operative myocardial tissue damage (CK-MB, at 0.5 h after the start of reperfusion) and inflammatory mediators BPI (at 0.5 h after the start of reperfusion), IL-6 (highest mean plasma levels at 8 h after the start of reperfusion), and LBP (highest mean plasma levels at 18 h after the start of reperfusion) in low-risk patients who underwent CABG with CPB (black circles) or without CPB (white circles). levels in plasma, but only a relatively slow increase. In increase in response to surgery. Remarkably, BPI levels in contrast, in CPB patients all markers showed an immediate non-CPB patients were significantly increased from preincrease during the early hours after the start of reperfuoperative levels at the first post-operative day, and at this sion. At 0.5 h after the start of reperfusion, plasma levels timepoint were even significantly higher than in CPB of all markers of peri-operative myocardial tissue injury patients. In contrast to previous findings, BPI levels early were significantly higher in CPB patients than in non-CPB after reperfusion did not significantly differ between both patients. Therefore, we conclude that measuring activities patient groups. The CPB patients in the present study had of CK and CK-MB and concentrations of FABP and shorter CPB and aortic cross-clamping times (Table 1) . myoglobin in plasma of low-risk CABG patients enables Therefore, the lower BPI levels in the present study might estimation of myocardial injury early after surgery. These be associated with a shorter contact time with the extradata confirm our previous findings [1] also for this group corporeal corporeal circuit. of patients, and thus, in the present study we used plasma
In agreement with previous studies [13, 15] , increased levels of these markers at 0.5 h after reperfusion to plasma levels of IL-6 were observed in both patient groups estimate peri-operative myocardial injury. (Fig. 2, panel B) . However, unlike previous findings, a significant delay in IL-6 release in non-CPB patients was 4.2. Mediators of inflammation not found in the present study. Remarkably, as was the case for BPI levels, IL-6 levels were significantly higher at Activated neutrophils are thought to play a major role in the first post-operative day in non-CPB patients. Both ischemia-reperfusion injury [14] . Therefore, as in previous findings suggest an increased inflammatory activation in studies [13, 15] , in the present study we used BPI as a non-CPB patients at the first post-operative day, and need marker of PMN activation. Patients operated on with CPB further investigation since this may be associated with in the present study showed a significant increase in BPI post-operative morbidity. Levels of the acute phase protein levels during the early post-operative phase (Fig. 2 , panel LBP were similar in both patient groups, except for LBP A), whereas BPI levels in non-CPB patients did not levels at 4 h after the start of reperfusion (Fig. 2, panel C) .
